Summary.-N-Dephenylation of N-phenyl-2-naphthylamine (PBNA) is strictly limited in dogs, and a 5 mg/kg dose gives 0-10 ,ug of urinary 2 -naphthylamine (BNA), which does not appear to undergo further metabolism. Neither 2 -naphthylhydroxylamine (BNHA) nor 2-amino-1 -naphthylsulphate were detected in the urine of treated animals. Urinary output of BNA varies markedly between dogs, and at different times in the same animal. The extent of PBNA N-dephenylation is unaltered by chronic administration.
Summary.-N-Dephenylation of N-phenyl-2-naphthylamine (PBNA) is strictly limited in dogs, and a 5 mg/kg dose gives 0-10 ,ug of urinary 2 -naphthylamine (BNA), which does not appear to undergo further metabolism. Neither 2 -naphthylhydroxylamine (BNHA) nor 2-amino-1 -naphthylsulphate were detected in the urine of treated animals. Urinary output of BNA varies markedly between dogs, and at different times in the same animal. The extent of PBNA N-dephenylation is unaltered by chronic administration.
Calculations based on Druckrey and Kupfmuller's equation (1948) and present data indicate that, for dogs to form BNA tumours through exposure to a relatively high dose-level of PBNA, the period of daily dosing would occupy, or even exceed, the normal life-span. The carcinogenic risk of PBNA to human subjects is discussed.
TRACES of 2-naphthylamine (BNA) impurity in the technical grade of the Nphenyl-2-naphthylamine (PBNA) antioxidant did not account for the presence of small amounts of BNA, which have been found (Kummer and Tordoir, 1975) in the urine of operatives who had been exposed occupationally to this antioxidant. Consequently, these authors concluded that the urinary BNA had been formed in vivo through an unsuspected N-dephenylation reaction, and this possibility posed the question of the oncogenicity of PBNA.
A better understanding of the scope and implications of this biotransformation is therefore desirable. In this connection, the PBNA metabolic product, BNA, is one of the few compounds which are known to lead to cancer in man. Since dogs are susceptible to tumour induction by BNA (Hueper, Wiley and Wolfe, 1938; Bonser, 1943) , whereas mice and rats are not, and since the tumours to which it (or its metabolites) gives rise in both man and dogs are almost entirely confined to the urinary tract, dogs are the animals of choice for a further study of PBNA N-dephenylation. (Walker and Hathway, 1976) . 2-Naphthylhydroxylamine (BNHA), prepared by the method of Willstatter and Kubli (1908) , was, in our experience, always contaminated with BNA. 2-Amino-l-naphthyl sulphate was synthesized by the method of Boyland, Manson and Sims (1953 Measurement of radioactivity. An automated and computerized Intertechnique Model SL30 Liquid Scintillation Spectrometer was used for measurement of 14C, making use of standard channels-ratio quenchcorrection curves. Liquid samples were mixed with standard scintillation, and radioassayed direct, and samples of faeces were burnt in an Intertechniques " Oxymat ", solid-sample oxidizer.
Gas chromatography.-Solutions were analysed for relevant compounds with a Pye Model 104 instrument that was equipped with electron-capture detection and glass columns, wbich (5 ft long x 4 mm internal diameter)
were packed with 20% (w/w) of OV-17 on 5 o Gas Chrom Q (60-80 mesh size). A column temperature of 180°C was used. All the columns were operated at a 100-ml/ min flow-rate of N2.
Mass spectrometry. Mass spectra were obtained by using an LKB9000 gas chromatography (GC) mass spectrometer system, fitted with the previously described glass column. The column temperature was 210°C, and the column was operated at a 30-ml/min flow-rate of He. Multiple-ion-detection was used to monitor the relevant ions.
Estimation of BRA in the urine.-All operations were at 5-10°C, and in artificial light, to minimize decomposition of BNA.
The 3-day urine, which was collected after PBNA administration, was thawed, filtered and shaken with ether (50 ml), and the mixture was centrifuged (2 k rev/min; 10 min) to break emulsions. Combined ether extracts (4 x 50 ml) were extracted with 2N HCI (3 x 10 ml), neutralized with 2N NaHCO3, and back-extracted with ether (3 x 5 ml). This ethereal solution was evaporated to low bulk, dried with anhydrous MgSO4 and treated with 0-01 ml of heptafluorobutyryl chloride. After shakina for 5 min, the solution was mixed with 7 ml of O-O1N borax, and the resulting mixture was shaken for 16 h. The ether layer was then removed, dried, and made up to 2 ml with more dry ether. 1-5-,ul samples were analysed by GC, using electron-24 capture detection. The retention time of an authentic sample of the heptafluorobutyryl BNA derivative was 2-5 min, under our GC conditions (vide supra).
A calibration curve of GC response vs BNA in urine was constructed by adding 100, 200, 300 and 400 ng quantities of BNA to 500-ml volumes of urine and extracting (vide supra). This standard curve corrected for losses incurred through extraction and derivative formation.
Detection of BNHA in the urine.-Ether extracts (vide supra, under the estimation of BNA) of the 24-h urines of dogs dosed with PBNA were dried with anhydrous MgSO4 and evaporated to ca 0 5 ml. Aliquots were analysed by GC mass spectrometry using the sensitive multiple-ion detection facility.
Detection of 2-amino-i -naphthyl sulphate in the urine.-Urine, collected for 24 h after dosing with PBNA, was freeze-dried, and the residue was heated with acetic anhydride (80 ml) and methane sulphonic acid (2 ml) at 100°C for 1 h (Paulson and Portnoy, 1970) . The reaction mixture was poured on to ice, left for 16 h, and neutralized with 2N NaHCO3. Ether extracts (3 x 25 ml) of the resulting suspension were dried with anhydrous MgSO4, and evaporated to ca 1 ml. Samples were analysed for 2-acetamido-1-acetoxynaphthalene by GC mass spectrometry, using multipleion detection. tion, that respond to electron-capture detection.
RESULTS

Preliminary
Experiments in dogs (Table) demonstrate the strictly limited extent of PBNA N-dephenylation. Thus, dogs given a 5 mg/kg dose of PBNA excreted 0-10 jug of BNA. A most conspicuous feature of the results is the large variation in output of BNA between dogs and the large fluctuations in output at different times in an individual animal. The possibility that occupational exposure to PBNA may induce the drug-metabolizing enzymes and cause increased PBNA N-dephenylation was tested in the present work by the chronic dosing of dogs with PBNA. However, these animals, when subsequently given PBNA (5 mg/kg), did not show a consistently increased excretion of BNA (Table) , which would have been commensurate with drug-metabolizing enzyme induction.
Numerous investigations (inter alia Bonser et al., 1952; Radomski and Brill, 1971) indicate that BNA requires metabolic activation before exerting its carcinogenic effect, and in this BNHA is strongly implicated as the carcinogenic metabolite. Consequently, in the present work, the presence in the urine of BNA per se is not necessarily indicative of carcinogenic risk. We have therefore investigated the urine of PBNA-treated dogs for the products of further metabolism of BNA, viz. BNHA and 2-amino-1-naphthyl sulphate, the major BNA metabolite (Deichmann and Radomski, 1969) . The multiple-ion detection facility of the mass spectrometer revealed neither the 2-amino-1-naphthvl sulphate derivative, 2-acetamido-1-acetoxynaphthalene, in freeze-dried urine that had been submitted to an acetylation procedure, nor BNHA in an unprocessed urinary solvent extract. In fact, the lower limits of detection for the latter substance did not fall below 50 ng, because of the presence of other complicating naphthalene metabolites with very similar retention times to that of BNHA; derivative formation did not improve the sensitivity of multiple-ion detection for BNHA.
However, the sensitivity of multiple-ion detection ought to have been more than adequate to measure the amounts of BNHA which might have been formed. It may be relevant that the low concentrations of BNA formed from PBNA may be metabolized more slowly than high concentrations resulting from dosing with BNA per se, but since solutions of BNHA are rather unstable, small amounts may escape detection through decomposition.
DISCUSSION
In general, the present results in dogs are similar to those (Kummer and Tordoir, 1975) in healthy human volunteers. Kummer and Tordoir (1975) administered an acute 10-mg dose of PBNA to human subjects, who excreted 10-5 to 10-4 of the dose as BNA; whereas in the present work, dogs given a 5 mg/kg dose of PBNA (i.e. 75 mg for a 15-kg dog) excreted 10-6 to 5 X 10-5 of the dose as BNA. There is a very considerable inter-subject variation in the two experimental groups. While the variation is greater in dogs than in the human subjects, it is relevant that BNA was measured satisfactorily in the urine of only 7/19 human subjects, owing to the insensitivity of the assay employed.
Two additional points deserve mention. The first one concerns the possible oncogenic implications in dogs of PBNA N-dephenylation. While there are no carcinogenicity data in dogs for PBNA, BNA is a frank carcinogen in this species. Carcinogenicity data for BNA in dogs (Conzelman and Moulton, 1972 ) indicated a dose-response relationship, and the duration of exposure contributed apparently to the tumourigenic process. The total dose required to produce tumours with a small daily dose over a long period of time was considerably smaller than with a large daily dose administered for a shorter period. Conzelman and Moulton's observation (1972) agrees with the finding (Radomski and Brill, 1971 ) that a 14-fold reduction in chronic dose-level of BNA to dogs resulted in only a 4-fold reduction in the amount of suspected carcinogen, BNHA, excreted in the urine. Conzelman and Moulton (1972) applied Druckrey and Kuipfmiiller's (1948) 
where d is the daily dose, expressed in mg/kg, t is the time elapsed between initiation of treatment and tumour formation (months), and n is a small positive integer), which describes the dose-effect and time relationship for animals subjected to daily dosing with a carcinogen, to their own data, and they found n -4. On the assumption that this relationship applies to a biological situation in which BNA is produced in vivo at a steady daily rate, dependent upon chronic dosing with the parent PBNA, then the time that would have to elapse for tumours to be formed in an " at risk " sub-population would be approximately 19 years, if the daily intake (10 fig) of BNA for a 15-kg dog corresponded to the highest recorded level in the Table. Such a calculation attempts to take into account the considerable individual variability which we have found, and the possibility that certain individuals might be more susceptible to tumour induction. However, the corresponding value would be approximately 31 years, if 1500 ng of BNA (the average amount for all of the dogs in the Table) were taken as the daily exposure. Thus, calculations from the present data show that, for dogs to form BNA tumours through exposure to a relatively high dose level of PBNA, the period of daily dosing would occupy, or even exceed, the life-span of the species.
With regard to the situation in man, Scott (1962) stated that no tumours had been reported amongst operatives engaged in the large-scale manufacture of PBNA in a number of countries over many years. More recently, epidemiological studies (Veys, 1973; Fox, Lindars and Owen, 1974) indicate that in operatives who have been involved with widespread use of the present technical grade PBNA, the incidence of bladder tumours is no greater than in the human population at large. If it is permissible to make any correlation between the PBNA-treated animals and PBNA-exposed man, particularly in his working environment (Kummer and Tordoir, 1975) this suggests a quite unrealistic period of exposure to PBNA for BNA tumours to appear, although in the present studies the dogs seem to have been subjected to more than 10 times the dose level ih terms of mg/kg body weight. Hence, we suggest that the levels of BNA produced are so low that N-dephenylation of PBNA in vivo does not give rise to carcinogenic risk.
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